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Biophilic designAbstract This main concern of the paper is to elaborate developing strategies and trends which strive for
achieving sustainability in building and urban design to create sustainable built environment. Also discuss
how far the conventional building practicing and construction activities lead to many serious negative
impacts on our natural environment. The main goals of establishing green agenda, in the 2nd half of last
century, were to minimize these distractive impacts and seek out a balance between built and natural envi-
ronment. By the millennium end was discovered that, more pleasing and enjoyable human built environ-
ment is not only guaranteed by reducing the harm that stems from constructions and creating buildings
which provided protection with the benefits of natural elements. ‘‘For some, green architecture is a black
and white definition, set by LEED (Leadership in Energy and Environmental Design) standards.”
Many newmovements, like biophilic design, have recently gained much momentum within the building
community, which provide further step beyond green to restore beneficial contacts between people and
natural environment. While the green movement has often focused on the means, biophilic design tends
toward emphasizing the end results, establishing natural-based habitats for humans to live and work. Bio-
philic Design incorporates green building ideas, but considers that true sustainability must include quality
of life issues involving human physiological & psychological-health and well-being. So, Biophilic design
incorporates elements derived from nature in order to maximize human functioning and health.
 2015 The Author. Production and hosting by Elsevier B.V. on behalf of Housing and Building National
Research Center. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).Introduction
The problematic
The beginning of destruction process to the natural ecological
balance has been referred to the industrial revolution in
19th century in developed countries. Exploitation of natural
resources for excessive production strategies, struggle for
global economic manipulation, beside vast acceleration of
urbanization process led to a break in the global ecological
balance. Subsequent are climate change, ozone problem, CO2Journal
2 A.A.A. Mohamedomissions, global warming and all related natural disasters
around the world. Alarm Sounds proceeded through many
ecologists and scientists warning all nations, that ‘‘disturb
and misuse nature” threat human life and our co-existence
on earth. Many team-works from different disciplines, interna-
tional conferences and international political agreements
have been organized to develop strategies and take actions:
against environmental degradation and reducing carbon
emissions. The outcomes of these efforts concluded the
concept of sustainability. Sustainable development, especially
in the field of urbanism, aims to build a balanced relation
among the physical environmental and local socio-economic
conditions considering various applied aspects of the built
environment.
The main purpose of paper
is to argue the dialectical relationship between built and
natural environment in-light of the sustainable development
concept and the interrelations form among its fundamental
corners (Environment, Society, and Economy). Also to elabo-
rate the important question; how we can restore our ecosystem
vitality to modern urban systems?
Concept of metabolism: linear versus circular cycle
Metabolism refers to the processes which we use in producing
food and energy to conduct our daily lives. The wasteful pro-
cess associated with city metabolism is linear in form. That is,
the city consumes goods, energy and food at high rates and
pollutes the environment heavily with organic wastes, noxious
fumes and inorganic wastes (Fig. 1a).
It has been suggested that this linear urban metabolism
should be converted to a form of ‘circular metabolism’
(Fig. 1b) through the actions of design and management. Cir-
cular metabolism approximates to the systems found in nature
where waste products are integrated into the wider ecosystem –
that is, new inputs of energy and output of waste are mini-
mized through the process of recycling [1].
The warning is sounded – (distraction process)
The first warning of the enormity of the global environmental
problems was sounded in 1970 at the first general meeting of
the Club of Rome. In 1970 and 1971 the first large-scale mod-
eling studies of global environmental conditions were actually
created, both prepared as input to the 1972 United Nations
(UN) Conference on the Human Environment. The Study of(a) Linear metabolism
Fig. 1 Metabolism
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(2015), http://dx.doi.org/10.1016/j.hbrcj.2015.11.001Critical Environmental Problems (SCEP) focused on
pollution-induced ‘changes in climate, ocean ecology, or in
large terrestrial ecosystems’.
Edward Goldsmith and four colleagues at that time pub-
lished their seminal book ‘‘A Blueprint for Survival” in 1972,
which largely concerned with: the impacts of overexploitation
of the Earth’s resources, the underlying problem that lays at
the very root of our dilemma today, the potential for CO2
emissions to lead to significant climate change. The most
alarming aspect of this impending change is its unpredictabil-
ity. Despite countless completed and ongoing regional studies
we still know very little about what will actually happen, rather
than what may happen [2].
In the early 1970s, several other large-scale atmospheric
issues came to the attention of the general public. Notable
among these were acid rain, upper-atmospheric pollution
problems and stratospheric ozone depletion [3].
Natural resources degradation process
Schumacher warned in his book ‘‘Small is Beautiful” (1974),
that our planet is being threatened by overproduction, the
human race is consuming at an alarming rate, endangering
the tolerance margins of nature, and so threatening the life
support systems that nurture humankind. It has already been
noted that more than 50% of the world’s population will soon
be living in cities (Fig. 2), contributing to a massive consump-
tion of global resources (Fig. 2). Giradet (1992) mentioned that
the world’s cities occupy about 2% of global land surface, but
they use 75% of the world’s resources and release about the
same percentage of global wastes. Hardin argued in his book
‘‘The Tragedy of the Commons” (1977) that if everyone
maximized gain from commonly held property (whether land,
sea or air), the result would be the destruction of those
commons [1].
Energy and emissions to the air
Since the 70th of 20th Ct. a growing awareness of wider impact
of human, or anthropogenic, emissions through the air have
been witnessed ‘big three’ issues of acid deposition, strato-
spheric ozone loss, and global warming. However, there is an
understanding that the problems have a common cause in
human mainly depending on fossil fuels to produce energy.
Of the burden of disease attributable to environmental condi-
tions, it was found that 36% could be attributed to poor urban
air quality. In total about 1.3 billion urban residents world-
wide are exposed to air pollution levels above recommended(b) Circular metabolism
concept of cities.
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Fig. 2 Urbanization rates for various world regions.
Further step beyond green - From distractive, to balance, towards restorative built environment 3limits (World Bank 1993). At what point will people take the
threats seriously enough to take appropriate action to curb
emissions? The most critical decisions relate to our urban-
industrial lifestyle [2] (Fig. 3).
a. showing the relatively large impacts of buildings in
developed world in terms of their emissions of climate
change greenhouse gases (Source: Max Fordham and
partner) [3].
b. Distribution of CO2 Emissions by World Nations for the
Year 2004 [4].The climate change
This issue was not raised until the early 1950s. Scientists
realized that we were emitting carbon dioxide faster than
the ocean could absorb it from the atmosphere, and hence
it must be building up in the atmosphere itself. Climate(a) CO2 Emission by sector
Fig. 3 CO2 emissi
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(2015), http://dx.doi.org/10.1016/j.hbrcj.2015.11.001change was one of the driving forces behind the United
Nations Conference on Environment and Development held
in Rio de Janeiro in 1992. Two outputs from that confer-
ence are the Framework Convention on Climate Change
and Agenda 21, the latter comprising ’a set of goals and
programs for environmental sustain ability endorsed by
150 nations’ [2]. The changing climate impact is that surface
air temperatures and water temperatures will rise, which will
produce a rise in sea level due to thermal expansion of the
oceans, plus the melting ice-caps and glaciers. It is also
expected that a warmer world will produce more extreme
weather events, such as hailstorms and tornadoes and possi-
bly tropical cyclones. Overall, a warmer world will lead to
an intensification of the hydrological cycle, which has pro-
found implications for water management worldwide. The
temperature increase will change the distribution of disease
vectors that affect humans, such as malaria and Lyme dis-
ease. The temperature rise will be higher in the continental
interiors that include the world’s major granaries [2].(b) CO2 Emission by world nations
on distribution.
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4 A.A.A. MohamedSea level rises
Simulation models are producing a wide range of scenarios
that might describe the future, operating from a global to a
regional scale. The ’best case’ scenario is one in which we make
a viable transition to a fossil fuel-free world. The ’worst case’
scenario we stay with ’business as usual’, with steadily mount-
ing greenhouse gas emissions, which have been called a ’run-
away greenhouse’ situation. In the runaway greenhouse,
higher temperatures melt the permanently frozen ground in
the tundra, releasing immense quantities of methane, greatly
enhancing the rate of warming; higher temperatures melt the
ice-caps and accelerate the rate of sea level rise [2]. On average,
sea levels have risen at a rate of around 0.1–0.2 mm per year
over the past 3000 years globally, but in the twentieth century
this has increased to 1–2 mm per year in an upward trend
(Fig. 4). Around 2.5 billion people live within 100 km of a
coastline, nearly 39% of the world’s population, and many
of these people will be directly affected by rising sea levels in
three ways:
 As seas rise many areas of the coast will be inundated.
 With increasingly severe and frequent storms and wave
damage, shoreline retreat will be accelerated.
 Catastrophic coastal inundation events may be caused by a
combination of climate events such as heavy flooding, high
tides, and windstorms in combination with higher seas and
storm surges.
Sustainable development
Sustainable development has proved to be an elusive concept.
It is everything and nothing one moment the figure leaf of
respectability for otherwise damaging policies, related to cli-
mate change or social inclusion and wherever possible to
improve the world which we all share, and which our children
will inherit. ‘‘Sustainable development is development which
meets the needs of the present without compromising the abilitySeptember 2012
(Arctic perennial sea ice has been decre
© NSIDC, NASA Earth
Fig. 4 Sea level rise – (Arctic perennial sea ice has been decreasing at
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Future (WCED) report, 1987)
The balance concept (Green agenda)
Capello define the notion of a sustainable city as ‘‘a concept . . .
which stimulates a balance between economic progress, social
equity and environmental quality.” [6]. Balance intermediate
transit phase ‘‘green agenda” minimize using exhaustible natu-
ral resources through, ‘‘4Rs strategies” (Reduction, Reuse,
Recycle, and Replace; by maximizing dependence on Renew-
able resources) (Fig. 5). In response to diverse environmental
pressures, the 4Rs have emerged in recent years as a major
social phenomenon. Reduce, reuse, and recycling strategies
can minimize environmental impacts by lowering environmen-
tal pressures from preparing the site, construction, operation
and maintenance of building. The strategies based on the
4Rs principles should be implemented at all stages of the facil-
ity life cycle [7].
Green buildings strategies aim to limit building activities
impact on physical environment through energy and resource
efficiency use. Its objectives in the technological area, relevant
to the built environment, can be both tangible and measurable
as follow:
 Conservative management of the natural environment;
 minimizing non-renewable resource consumption;
 reducing embodied energy and total resource usage;
 reducing energy in use;
 minimizing external pollution and environmental damage;
 eliminating or minimizing the use of toxins; and
 minimizing internal pollution and damage to health
All these objectives put together can be expressed as the
ultimate (technological) goal of green architecture to restrict
the impact that the buildings make on their surroundings to
an unavoidable minimum. This is why ‘green architecture’
can be referred to as ‘low-impact architecture’ [7].September 1979
asing at a rate of 9% per decade.) 
 Observatory [5]
a rate of 9% per decade)  NSIDC, NASA Earth Observatory [5].
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Fig. 5 The orthodox model of sustainable development [1] & 4R strategies [9].
Fig. 7 The integrated model for sustainable development [1].
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of buildings and involves the use of sustainably produced,
reused or recycled building materials; alternative energy
sources such as solar technology, geothermal heat pumps or
wind power; rainwater harvesting for gardening and washing;
and on-site waste management such as green roofs that filter
and control storm water runoff [8] (Fig. 6a). One of the well-
known buildings with a significant ‘green’ dimension is the
Gherkin building in London, design by Foster, which uses half
the energy a similar office tower would typically consume
(Fig. 6b). Gaps around each floor plate create shafts that serve
as a natural ventilation system for the entire building, creating
a giant double-glazing effect. The shafts pull warm air out of
the building during the summer and warm the building in
the winter using passive solar heating [8].
Integration concept (restoring ecological balance)
It is much more progressive phase for integrating relationship
among: environment, society, economic, to enhance quality of
life in built environment through living with nature, sociolog-
ical and physiological, psychological well-being. The inte-
grated figure places the three elements in their correct(a) different green systems in theater des
Fig. 6 Examples for gr
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(2015), http://dx.doi.org/10.1016/j.hbrcj.2015.11.001relationship; economic activity is subsumed within society
because it is one of many forms of social activity. Social life
is then placed within the environment, because all activities
take place within an environment of some sort (Fig. 7).
Design and planning incorporating sustainable develop-
ment principles would incorporate the social and economic
needs of people, whilst at the same time making provision
for high quality natural, semi-natural and built environments,(b) Gherkin building in Londonign
een building design.
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Fig. 8 Garden City Concept by Ebenezer Howard.
National Library Board Building, Singapore, Hamzah & Yeang architects [13]
Fig. 9 Nature in the Building Spaces – Dynamic natural lights [13].
National Library Board Building, Singapore (left) & Guthrie Pavilion, Malaysia 
(right), Hamzah & Yeang architects [13]
Fig. 10 Nature in the building spaces – free flowing interior and exterior spaces [13].
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Right- a fountain and gardens in the Calat Alhambra in Granada, Spain provide a non-visual experience of nature 
Le- NY Times Building moss and birch garden, New York by Renzo Piano acts as an oasis of calm [12] 
Fig. 11 Nature in the Building Spaces – Sensory gardens.
The main spine of Azhar Park designed as water canal connecting hilltop restaurant and lakeside café  [14]
The presence of Water is a condition that enhances the experience of a place through the seeing, hearing or 
touching of water. [12]
Fig. 12 Nature in the Spaces – Access to moving water [14].
Green walls, as vertical gardens [15], could give in limited spaces awareness of natural processes, especially seasonal 
and temporal changes. 
Green wall, Musee du quai Branly, 
Paris, botanist P. Blanc 
Green wall in an office in Hong Kong 
Ronald_Lu_&_Partnersl 
Fig. 13 Nature in the Building – Spatial richness and diversity (stimulate nature) [15].
Further step beyond green - From distractive, to balance, towards restorative built environment 7which contribute to those needs [8]. Urban systems will be
consciously integrated into the processes of the biosphere
with the intent of maintaining the optimum functioning of
the biosphere for human purposes [6].Please cite this article in press as: A.A.A. Mohamed, Further step beyond green - Fro
(2015), http://dx.doi.org/10.1016/j.hbrcj.2015.11.001Struggle for restoring ecological system
In order to put ecological systems into place we need a
vision of a city that could, indeed, absorb ’its own’ resid-
ual materials. Instead, our current patterns of urbanm distractive, to balance, towards restorative built environment, HBRC Journal
Delft TU Bibliotheca, Netherlands (building design as extension for natural topography) [16] [17]
The promise of more information achieved through partially obscured views. [12]
Fig. 14 Nature of the Building – Seasonal and topographic design [16,17].
Facade of Manuel Gea González Hospital, Meixco Facade renovation of Suites Avenue Apart-
hotel by Toyo Ito, Barcelona 
Tucson Mountain Home by Rick Joy New Gourna by Hassan Fathy
Biomorphic Forms & Patterns are symbolic references to contoured, patterned, textured or numerical arrangements 
that persist in nature [12] 
Materials connection with nature can be applied across all climates and environments, but may have different 
resulting forms and aesthetics specific to their respective regions. [12]
Fig. 15 Nature of the building patterns – mystery and discovery (curiosity, imagination, creativity, exploration).
8 A.A.A. Mohamedgrowth, which have created a highly destructive interaction
with rural areas. The last such vision was produced
100 years ago (1898) by Ebenezer Howard (Fig. 8) whose
plans for a healthy ecologically sound city ‘‘garden city”
included a symbiotic relationship with the surrounding
farmland which would absorb residuals from the city in
a beneficial fashion. More thought is now being given toPlease cite this article in press as: A.A.A. Mohamed, Further step beyond green - Fro
(2015), http://dx.doi.org/10.1016/j.hbrcj.2015.11.001reviving old urban villages and to constructing new ones
for the 21st century [2].
Beyond green – toward restorative biophilic design
Biophilia can be defined as ‘‘the idea that humans possess a
biological inclination to affiliate with natural systems andm distractive, to balance, towards restorative built environment, HBRC Journal
Fig. 16 Illusions of nature in healthcare facilities.
Further step beyond green - From distractive, to balance, towards restorative built environment 9processes instrumental in their health and productivity” [10].
The origin of the term Biophilia can be related mainly to fol-
lowing works of: Eric Forman (1960s), in his book ‘‘Evolution-
ary Psychologist”, and E.O. Wilson, Harvard Biologist and
Stephen Kellert, Yale Social Ecologist (1995) in their study
‘‘the Biophilia Hypothesis”. Biophilic Design is not a style of
design technic, it is design process between green building
and aspects beyond those, process integrate built environment
(building and urban spaces) within nature environment, con-
nect together, and incorporate psychological and sociological
wellbeing together, which can be described as ‘‘Environmental
& Emotional” massages [11].
Biophilic design and places attributes: (connect building to
nature)
Some or most of the biophilic attributes can be found in many,
recent or past, modern or vernacular, buildings. They are not
referring to style but more to quality of habitable spaces and
characteristic of their internal and external environment.
Those attributes can be grouped under two major sets, which
include, classify and define main biophilic design patterns as
emerge in the following applied examples:
a. Nature in the Building Patterns – for examples: impor-
tance of dynamic natural light (Fig. 9), free flowing inte-
rior and exterior spaces (edges of spaces) (fig. 10),
sensory gardens (fig. 11), access to moving water (fig.
12) and spatial a sensory richness and diversity (stimu-
late nature) (fig. 13).
b. Nature of the Building & Natural Analogues Patterns –
for examples: Seasonal and topographic design (fig. 14),
Mystery and discovery (curiosity, imagination, creativ-
ity, exploration) (Fig. 15) [11,12].
Health benefits of biophilic design
A growing number of studies show that biophilic features of
environments have significant consequences for human wellbe-
ing. Positive effects can especially be seen in the realm of
healthcare. Its typically stressful atmosphere holds tremendous
room for improvement, and numerous studies evidence nat-
ure’s role in healing. Many medical studies have consistently
found that, stress reducing and health promoting outcomesPlease cite this article in press as: A.A.A. Mohamed, Further step beyond green - Fro
(2015), http://dx.doi.org/10.1016/j.hbrcj.2015.11.001associated with passive viewing of nature scenes through win-
dows. One of these studies assessed patients’ recovery from
surgery. The result was, patients in the rooms with the nature
view stayed in the hospital for fewer days, used fewer strong
pain killers, and had a more positive recovery process overall
[18] (Fig. 16). It was argued that the benefits from biophlic
design have the same benefits of human adaptation to nature
to improve his life pattern and psychological, physical and
social wellbeing through:
 Enhanced Healing & Recovery.
 Healthier Childhood Development.
 Improved Attention, Concentration & Cognitive Function.
 Improved Immune Function, Stress Reduction &
Decreased Cell Aging.
 Vitamin D Metabolism [11].
Conclusion and recommendations
This paper introduces another layer to our traditional building
practicing that ensures maximal benefit for our built environ-
ment. We urgently need a clear road map at the national level
to define the responsibilities of all players and parties, who
involving in planning and building construction process to
grantee mechanisms for ascribing accountability for achieving
sustainable development for our building sector. In addition,
we have to revise our building regulations and promote new
standards for, buildings, which encourage 4Rs strategy
(Reduce, Reuse, Recycle and Renewable). Biophilic building
design is not a trend for new architectural style but more to
quality of habitable spaces and healthy built environment.
Ancient architects built for their cultures, which were usually
more in touch with the earth than the present. The vital objec-
tive of biophilic architecture is to outline attributes and put
them into a clear, sensible, organized format. So; developers,
designers, planners, and architects can learn about the impor-
tance of a connection to the natural environment in all their
building projects [19]. Outcomes main benefits from the appli-
cations of biophilia concepts in architecture can be concluded
in following points:
 Biophilic design principles can be applied in a variety of
contexts allowing healthy growth of both people and
environment.m distractive, to balance, towards restorative built environment, HBRC Journal
10 A.A.A. Mohamed Human psychology clearly benefits from contact with nat-
ure, and inviting nature into our buildings is the ideal
way to insure the both the continuation of our modern life-
style and assuagement our more primitive needs.
 Biophilic design can reduce stress, improve cognitive func-
tion and creativity, improve our well-being and expedite
healing.
 They mimicked nature’s forms, producing magnificent
structures with which we are still awed, though biophilic
design is a novel concept; they certainly employed some
of its recommendations.
 Finally, it should be clear for all of us, that we have to
restore our eco-system to keep our planet as a safe home
for our future life.
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